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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF PusLic Roaps, 
Washington, D. C., May 17, 1911. 
Sir: I have the honor to transmit herewith the manuscript of a 
bulletin prepared in this office on the subject of ‘‘The Use of Con- 
crete on the Farm.” In view of the need of securing a cheap and 


permanent building material, this bulletin seeks to offer elementary 
suggestions for the manufacture of concrete where it is most needed. 
I believe it will be useful to farmers, and therefore respectfully 
recommend that it be published as a Farmers’ Bulletin, superseding 
Farmers’ Bulletin 235. 
Respectfully, Logan WALLER PAGE, 
Director. 


Hon. JAMEs WILson, 
Secretary of Agriculture. 
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THE USE OF CONCRETE ON THE FARM. 


INTRODUCTION. 


With the rapid decrease of our timber supply and the resulting 
increase in the price of lumber there has come a necessary demand for 
a new building material. Nowhere has this demand been felt more 
keenly than on the American farm, where lumber has till now been 
practically the only building material. On account, however, of the 
farmer’s nearness to the timber itself, he has been the last to feel the 
full effect of the shortage. 

A building material has been discovered in concrete that in many 
instances has proved to be far superior to lumber, brick, or building 
stones on account of its durability, economy, and safety from fire 
loss. Moreover, it can very often be used at the most convenient 
time by the farmer himself with a little assistance. 


SELECTION OF MATERIALS. 


Frequently cement users have made costly mistakes by not inform- 
ing themselves properly, before starting their work, concerning the 
correct methods of making good concrete. For this purpose the fol- 
lowing materials are necessary: (1) Cement; (2) sand; (3) gravel or 
crushed stone; and (4) water. 

Cement is therefore only one part of a concrete mixture. A far 
greater proportion of sand and gravel than cement is required. The 
quantity of cement to be used and the strength of the concrete 
depend entirely on the quality and size of the sand and gravel, and 
it is of the utmost importance that these be of the right kind. With 
an equal amount of cement a far stronger concrete may be made, if 
the sand and gravel are of the proper size and correctly proportioned. 
It is sometimes thought that any kind of soil of a sandy nature, 
mixed with a small percentage of cement, will make concrete, but 
this idea is incorrect. 

As a guide in the selection of the proper materials, especially sand 
and gravel, the following suggestions should be observed: 


CEMENT. 


Portland cement is a manufactured product, the principal value of 
which is its ability to adhere to the various materials used in masonry 
construction. Most of the American brands of Portland cement are 
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6 THE USE OF CONCRETE ON THE FARM. 


made under the careful supervision of the manufacturer, who hag 
his reputation at stake. They have to meet the requirements of a 
fixed standard which has been, after years of experimenting, adopted 
by the American Society for Testing Materials and the American 
Society of Civil Engineers. Guarantees should be obtained from the 
dealer or manufacturer that the Portland cement furnished meets 
this standard. 

On adding water to the dry cement it becomes a soft, sticky paste, 
and will remain so for about one-half hour, after which it begins to 


harden or ‘“‘set.’”’ To disturb the concrete after this initial set has 


started means a decided loss in strength, while to disturb it after 
the set is well under way means to destroy the concrete. It should, 
therefore, be remembered that Portland cement concrete must be 
placed in position within 20 or 30 minutes from the time it is first 


wet. 
There are also several other minor considerations to be observed. 


First, the binding power of Portland cement is lessened by exposing 
the concrete to a hot sun during the first four or five days after it has 
been placed in position. Then, a green cement mixture, which can 
be easily frozen at a temperature below 32° F., should be protected 
from such an exposure. Freezing does not materially affect the 
binding quality of good Portland cement, provided the concrete does 
not freeze until after placing and is not subjected to any load until 
after it has been thawed out and allowed to “set” in the usual way. 
It is safest to avoid mixing on days when the temperature is below 
the freezing point, that is, 32° F. In no case should fresh manure be 
placed over very green concrete to protect it from freezing, because 
this will soil the surface of the concrete. 

Portland cement is shipped in paper bags, cloth sacks, or wooden 
barrels. The second means is, for the average user, the best, and, 
while the manufacturers charge more for this kind of a package, they 
allow a rebate for the return of the empty bags. 

Cement is manufactured in 25 States in the United States and can 
be obtained easily in all sections of the country. Of the various 
kinds of cements made, Portland cement is without question the best. 

Cement must be kept in a dry place. It absorbs moisture from the 
atmosphere with great readiness and, when kept in a damp place, 
soon becomes lumpy or even a solid mass. In this condition it is 
useless and should be thrown away. But lumps caused by pressure 
in the storehouse must not be mistaken for cement that has been 
wet and has then formed into lumps. Lumps caused by pressure 
are easily broken and the cement is perfectly good. 

In storing cement wooden blocks should be placed on the floor and 
covered with boards. The cement should then be piled on the boards 
and the pile covered with canvas or a piece of roofing paper. 
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THE USE OF CONCRETE ON THE FARM. 
SAND. 


In the selection of sand the greatest care should be used, and crit- 
ical attention should be given to its quality, for sand contributes from 
one-third to one-half of the amount of the materials used in making 
concrete. 

Sand may be considered as including all grains and small pebbles 
that will pass through a wire screen with }-inch meshes, while gravel 
in general is the pebbles and stones retained upon such a screen. 

The sand should be clean, coarse, and if possible free from loam, 
clay, and vegetable matter. It was proved in an actual test made by 


Fig. 1.—Method of screening sand from gravel. 


a United States Government expert that an exceedingly fine sand 
required seven times the amount of cement required by coarser sand 
retained on a 20-mesh screen, without increasing the strength of the 


concrete. 

Sand from the same bank usually varies largely in different places 
in the bank and, as sand of such fineness that over 50 per cent of the 
bulk of the sand will pass through a 40-mesh screen is generally 
unfit for concrete work, it may become necessary to screen out this 
very fine sand by means of a 40-mesh wire screen. A 40-mesh 
screen means a screen with 40 holes to the lineal inch of screen sur- 
face. The screen should be placed in an upright position at an 
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8 THE USE OF CONCRETE ON THE FARM. 


angle of about 45 degrees. The screening should be done at the pit, 
in order that only the material actually used may be hauled. 

Sand with the grains of nearly uniform size does not give as great 
strength as sand with grains of various sizes. By testing concrete 
made from coarse and fine sand of one size of grains, it will be found 
that the coarse sand gives the stronger concrete. The strength and 
hardness of the grains of sand are of much importance; and a sand 
which shows the slightest tendency to dissolve or soften when soaked 
in water for an hour should be discarded. 

The coarseness of the sand can be felt, or can be determined by a 
screen, and the vegetable matter can be seen, but the amount of clay 
or loam can not be decided in either of these ways. Four inches of 
sand should be put in a pint preserving jar and, when the jar has been 
filled with clear water to within an inch of the top, the lid should 
be fastened on and the jar shaken vigorously for 10 minutes. The 
jar should then be rested upright and the contents allowed to settle. 
The sand will settle in the bottom with the clay and the loam on top, 
and the water above them. If more than one-half inch of clay or 
loam shows, the sand should be rejected or washed. The difference 
in color and fineness shows clearly the line of division between the 
clay or loam and the sand. 

If the sand must be washed, the simplest way is to build a loose 
board platform from 10 to 15 feet long, with one end 12 inches 
higher than the other. On the lower end and on the sides an edge 
2 inches by 6 inches should be nailed to hold the sand. The sand 
should be spread over the platform in a layer 3 or 4 inches thick and 
washed with a }-inch garden hose. The washing should be started at 
the high end and the water allowed to run through the sand and over 
the 2-inch by 6-inch piece at the bottom. A small quantity of clay 
or loam does not injure the sand, but any amount over 10 per cent 
should be washed out. 


GRAVEL. 


The largest part of concrete is the gravel or crushed stone. This 
should be clean; that is, free from loam, clay, or vegetable matter. 
The best results are obtained from a mixture of sizes graded from the 
smallest, which is retained on a }-inch screen, to the larger ones that 
will pass a 14-inch ring. 

For heavy foundation and abutment work, larger sized pebbles 
and stones might be used, while for reinforced concrete work pebbles 
larger than those passing a 1-inch ring should not be used. 

If crushed stone and screenings are used, the same care in selecting 
the sizes must be exercised as in selecting the gravel. In ordering 
from the crusher plant, the sizes of the stone and screenings should 


be specified in the order. The crusher dust should always be removed. 
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Sometimes bank or creek gravel, which will answer the purpose of 
sand and gravel combined, can be obtained, and it is frequently used 
on the farm and in small jobs of concrete work just as it comes from 
the pit or creek. Occasionally this gravel contains nearly the right 
proportions of sand and gravel, but in the majority of sand pits and 
gravel banks there is a great variation in the sizes of the grains and 
pebbles or gravel, and in the quantities of each. This is due to the 
fact that all the deposits are formed in seams or pockets that make 
it impossible to secure anything like uniformity. Therefore, to get 
the best and cheapest concrete, it is advisable to screen the sand 
and gravel and to remix them in the correct proportions. 

Experienced contractors have found that it is not only necessary 
but economical to pay laborers as much as $2 per day to screen the 
bank material twice, in order to obtain the sand and gravel. First, a 
one-fourth-inch screen should be used to keep out the gravel, and 
then the material which has passed through this screen should be 
screened again over a 40-mesh screen for the sand. All materia] 
which passes through this 40-mesh screen should be rejected. 

By knowing exactly the proportions of sand and gravel, the exact 
amount of cement to obtain the desired strength can be determined. 
Enough cement can be saved to balance the additional pay given to 
the laborers for screening the sand and gravel. 

Dirty gravel can usually be observed without further test, and can 
be washed in the same way as dirty sand. 



























WATER. 





The water used for concrete should be clean and free from strong 


acids and alkalis. 






MANUFACTURE OF CONCRETE. 
PROPORTIONS. 










Concrete is a manufactured stone formed by mixing cement, sand, 
and stone or gravel (i. e., pebbles) together with water. Various 
amounts of each are used, according to the use to which the concrete 
is to be put. The mixture in which all the spaces or voids between 
the stones or gravel are filled with sand and all the spaces between 
the sand are filled with cement is the ideal mixture. This mixture 
is rarely obtained, since the voids in each load of gravel and sand 
vary slightly, and in order to be absolutely safe, a little more sand 
and cement than will just fill the voids are used. The following 
illustration (Fig. 2) shows the relative amounts of these various ma- 
terials for a certain amount of 1:2:4 concrete. It will be noticed 
that the amount of concrete is only slightly greater than the amount 
of stone or gravel. 
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10 THE USE OF CONCRETE ON THE FARM. 


TaBLE I.—Quantities of materials and the resulting amount of concrete for a two-bag batch, 


| 


| Proportions by Materials : Sizes of measuring boxes (inside 
parts. oF measurements). 


| 
Kinds of | 
concrete | 


mixture. 
Sand. Stone or gravel. 


mixture (gallons). 


feet). 


(cubic feet). 
| Water for medium wet 


Stone or gravel 
Concrete (cubic feet) 


| Sand (eubic 


Stone or gravel. 
| Cement (bags). 


2 feet by 2 feet by | 2 feet by 4 feet by 
114 inches. 114 inches. 

2 feet by 2 feet 6 | 2 feet 6 inches by 
inches by 11} 4 feet by 11} 
inches. inches, 











Table I shows the amount of stone, sand, and cement used in 
the various grades of concrete work. The proportions are always 
measured by volume. A 1:2:4 mixture means one part of cement, 
twice as much sand, and four times as much stone or gravel, so that 
the whole mixture consists of seven parts. A 1:24$:5 mixture 


_ 4 
CEMENT 


4 2-———~ 
SAND CONCRETE 


Fig. 2.—Required quantities of cement, sand, and stone or gravel for a 1:2:4 concrete 
mixture and the resulting quantity of concrete. 


means one part of cement, two and one-half times as much sand, 
and five times as much stone or gravel, so that the whole mixture 
consists of eight and one-half parts. 


MEASURING BOXES. 


It should be noticed that the dimensions given for the measuring 
boxes for sand and stone or gravel are inside measurements. These 
boxes are made with straight sides of any kind of rough boards and 
have no top or bottom. 


AMOUNT OF WATER. 


The amount of water given is only approximated. The amount 
given in Table I should be used for the first batch; if it is too wet 
for the use desired, the amount should be reduced, while if it is too 
dry, the amount should be increased. A bucket should always be 
used in measuring the amount of water, as this secures uniform 
results. 
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VARIATIONS IN MIXTURE. 








If the sand is very fine, the cement should be increased from 10 
to 15 per cent. 

When the mixture does not have a uniform color, but looks streaky, 
it has not been fully mixed. 

If the mixture does not work well, and the sand and cement do 
not fill the voids in the stone, the percentage of stone should be 
reduced slightly, but the concrete should first be properly mixed. 
Concrete that is poorly mixed may present features that are entirely 
eliminated by turning it over once or twice more. 













METHOD OF MEASURING QUANTITIES. 


One barrel of Portland cement holds practically 4 cubic feet, or 4 
bags of cement. Sand and stone or gravel are measured loose in the 
boxes and should not be packed. A 2-bag batch of concrete requires 
2 bags of cement, while the amount of sand and stone or gravel is 
measured as shown in Table I. For a 4-bag batch twice as much 
sand and stone or gravel and 4 bags of cement should be used. 








DETERMINATION OF QUANTITIES. 


The number of cubic feet of concrete that will be required for the 
work in question should first be calculated. By multiplying this 
number by the number under the proper column, as shown in Table IT 
below, the amount of cement, sand, and stone or gravel can be found. 








TaBLeE IT.—Quantities of materials in 1 cubic foot of concrete. 








Stone or 
gravel (by 
cubie 
yards). 


| 
| 





Cement Sand (by 


Mixture of concrete. (by bar- cubie 
rels). | yards). 














0. 058 0. 0163 0. 0326 
- 048 - 0176 - 0352 





Example.—Let us suppose that the work consists of a concrete silo 
requiring in all 935 cubic feet of concrete, of which 750 cubic feet 
are to be 1:2:4 concrete, and 185 cubic feet are to be 1:24:5 con- 
crete. Enough sand and cement are also needed to paint the silo 
inside and outside, amounting in all to 400 square yards of surface, 
with a 1:1 mixture of sand and cement. One cubic foot of 1:1 
mortar paints about 15 square yards of surface and requires 0.1856 
barrel of cement and 0.0263 cubic yard of sand. The problem ‘thus 
works out as follows: 












Cement: Barrels. 
For the 750 cubic feet of 1: 2:4 concrete (750X0.058)................---- 43.5 
For the 185 cubic feet of 1: 24:5 concrete (185 0.048)............-.---.-- 8.9 
Por pamiting (400-15 <Q 1886) 6c cecscinas tees ease od acviend an naeoaewenls 








PP OPE OITA OE COMIGINE fi 5.55 oo bs cin 10 brake Os er eee a a eee 
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Sand: Cubic yards, 
For 750 cubic feet of 1: 2:4 concrete (7500.0163) 12, 23 
For 185 cubic feet of 1 : 24 : 5 concrete (185X0.0176).............---..... 3. 26 
For painting (400--15 0.0263) 


Total amount of sand 


Stone or gravel: 
For 750 cubic feet of 1 : 2:4 concrete (7500.0326) 
For 185 cubic feet of 1 : 24 : 5 concrete (185X0.0352).........--...2-22--. 


Thus the necessary quantities of materials are about 574 barrels of 
Portland cement, about 16} cubic yards of sand, and 31 cubic yards 
of stone or gravel. It is always wise to order two or three extra 
barrels of cement if the dealer is at considerable distance, as this 
avoids any possible trouble that a shortage might cause. 

In case a natural mixture of bank sand and gravel is used, the 
following table should be consulted for the quantities of the mixture: 


TaBLe III.—Quantities of materials and the resulting amount of concrete for a 2-bag 
batch, using a natural mixture of bank sand and gravel. 


| 
| Proportions | 


by parts. | Materials. 


Kind of 
concrete 
mixture. 


Sizes of measuring boxes, mixture of sand and 
gravel. 


sand and gravel. 
Concrete (cubic feet). 


oa 


Natural mixture of 
Cement (bags). 


~| Natural mixture of 
Water for 1 


| Cement. 





foot 4 fostyciis inches... 0c ost ccssesccse 
| 2 feet 6 inches x4 feet X11} inches............... 











EQUIPMENT FOR MIXING CONCRETE. 


When the proper materials have been selected, the next step is to 
mix them properly and with dispatch. On large jobs it is more 
economical to mix concrete by machine, but for small jobs, using 
even as much as several hundred cubic yards of concrete, it is much 
cheaper and more expedient to mix by hand. This is, of course, 
especially true when only two or three men are available and the 
work is often interrupted. There are many ways of mixing by hand, 
all of which have the same good results. The way herein described 
is believed to be the one best calculated to obtain good results with a 
minimum of labor. In this description and the accompanying illus- 
trations, a 2-bag batch of 1:2:4 concrete is taken as the basis of the 
calculation. 
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The Concrete Board.—A concrete board for two men should be 
9 feet by 10 feet. It should be made of 1-inch boards, 10 feet long, 
surfaced on one side, and should be held together by five 2-inch by 
4-inch by 9-foot cleats. If tongue and groove roofers 1 inch by 6 
inches can be obtained, fairly free from knots, they serve very well. 
The boards are surfaced in order to make the shoveling easy. They 
are so laid as to permit the shoveling to be done in the direction 
in which the cracks run, so that the shovel points will not catch in 
the cracks. The boards must be nailed close together so that no 
cement grout may run through them during the mixing. Knot holes 
may be closed by nailing a strip across them on the underside of the 
board. It is a good precaution against losing cement grout to nail a 
piece of wood 2 by 2 inches or 2 by 4 inches around the outer edge 
of the board. Often 2-inch planks are used in making concrete 
boards, but these are unnecessarily heavy and very difficult to move. 

The concrete board is the manufacturing plant, and the advantages 
of its location should be carefully considered. Generally it is best 
placed as close as possible to the forms in which the concrete is to be 
deposited, but local conditions must govern this point. A place 
should be selected which affords plenty of room and is near the 
storage piles of sand and stone or pebbles. The concrete board 
should be raised on blocks so as to be level, in order that the cement 
grout may not run off on one side and that the board may not sag in 
the middle under the weight of the concrete. 

Runs.—The boards for the wheelbarrow runs should be carefully 
selected. The run should be well built, smooth, and at least 20 inches 
wide, if much above the ground. It is surprising how this one feature 
will lighten and quicken the work. 

Miscellaneous Tools.—The following is a list of the tools and 
plant to be used in mixing, giving sizes, quantities, ete. 

The lumber for the concrete board for a 2-bag batch, 9 feet by 10 
feet in size, is as follows: 

9 pieces $ inch by 12 inches by 10 feet, surfaced on one side and two edges.! 
5 pieces 2 inches by 4 inches by 9 feet, rough. 

2 pieces 2 inches by 2 inches by 10 feet, rough. 

2 pieces 2 inches by 2 inches by 9 feet, rough. 

The lumber for the concrete board for a 4-bag batch, 12 feet by 10 
feet in size, is as follows: 

12 pieces { inch by 12 inches by 10 feet, surfaced on one side and edges.! 
5 pieces 2 inches by 4 inches by 12 feet, rough. 
2 pieces 2 inches by 2 inches by 10 feet, rough. 
2 pieces 2 inches by 2 inches by 12 feet, rough. 

For the runs, planks 2, 24, or 3 inches thick and 10 or 12 inches 

wide are needed. 


1 TIere any width of plank may be used, but 12 inches is specified as the most convenient. 
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The measuring boxes for the sand and stone or gravel should have 
the following dimensions: 
For a 2-bag batch with the 1 :2 :4 mixture: 
4 pieces Linch by 114inches by? feet, rough (for the ends of the sand and stone boxes), 
2 pieces 1 inch by 11} inches by 4 feet, rough (for the sides of the sand box), 
2 pieces 1 inch by 11} inches by 6 feet, rough (for the sides of the stone box). 
[It should be noted that the 2 pieces 4 feet long and the 2 pieces 6 feet long have an 
extra foot in length at each end for the purpose of serving as a handle. ] 
For a 2-bag batch with the 1 : 24:5 mixture: 
2 pieces 1 inch by 11} inches by 2 feet (for the ends of the sand box). 
2 pieces 1 inch by 11} inches by 2} feet (for the ends of the stone box). 
2 pieces 1 inch by 114 inches by 44 feet (for the sides of the sand box). 
2 pieces 1 inch by 114 inches by 6 feet (for the sides of the stone box). 


Fic. 3.—Concrete board and various tools used in making concrete. 


[As in the preceding case, the 2 pieces 4} feet long and the 2 pieces 6 feet long 

have an extra foot in length at each end to serve as handles. | 

For a 4-bag batch (these figures can be obtained by doubling the cubic contents of 
the boxes as shown above). 

Shovels: No. 3, square point. 

Wheelbarrows: At least two are necessary for quick work, and those with a sheet-iron 
body are to be preferred. 

Garden rake. 

Water barrel. 

Water buckets, 2-gallon size. 

Tamper: 4 inches by 4 inches by 2 feet 6 inches, with handles nailed to it. 

Garden spade or spading tool. 

Sand screen, which can be made by nailing a piece of }-inch-mesh wire screen, 24 by 
5 feet in size, to a frame made of boards 2 by 4 inches. 
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METHOD OF MIXING. 


When the mixing board has been arranged and the ‘‘runs”’ are 
made, the concrete plant is ready. The sand should first be loaded 
in wheelbarrows and wheeled on the board. It should then be 
emptied into the sand-measuring box, which is placed about 2 feet 
from one of the 10-foot sides of the board, as shown in figure 4. 
When the sand box is filled it should be lifted off and the sand 
should be spread over the board in a layer 3 or 4 inches thick. 
Two bags of cement should then be spread as evenly as possible over 
the sand. Two men, stationed as shown in figure 6, should then 
start mixing the sand and cement in such a way that each man may 


Fic. 4.—Measuring the sand, 


turn over the half on his side of a line dividing the board in half. 
Starting at his feet and shoveling away from himself, each man 
should take a full shovel load, and in turning the shovel, he should 
not simply dump off the sand and cement, but should shake the 
materials off the end and sides of the shovel, so that they may be 
mixed as they fall. This is a means of great assistance in mixing 
these materials, and in this way the material is shoveled from one 
side of the board to the other. 

The sand and cement should now be well mixed and ready for the 
stone and water. After the last turning, the sand and cement should 

461 





16 THE USE OF CONCRETE ON THE FARM. 


be spread out carefully, and the gravel or stone measuring box should 
then be placed beside them and filled from the gravel pile. The box 
should now be lifted off, the gravel shoveled on top of the sand and 
cement, and spread as evenly as possible. With some experience, 
equally good results may be obtained by placing the gravel-measur- 
ing box on top of the carefully leveled sand and cement mixture, and 
filling it, so that the gravel is placed on top without an extra shovel- 
ing. About three-fourths of the required amount of water should be 
added with a bucket, and the water should be dashed over the gravel 
on top of the pile as evenly as possible. Care should be taken not to 
let too much water get near the edges of the pile, because it may wash 


Fia. 5.—Spreading the cement on top of the sand. 


away some of the cement as it flows off. This caution, however, does 
not apply to a properly constructed mixing board, where water can 
not flow away. Starting in the same way as with the sand and 
cement, the materials should be turned over in much the same man- 
ner, except that, instead of shaking them off the end of the shovel, 
the whole shovel load should be dumped and dragged back toward the 
mixer with the square point of the shovel. The wet gravel picks up 
the sand and cement, as it rolls over when dragged back by the shovel, 
and the materials are thus thoroughly mixed. Water should be 
added to the dry spots as the mixing goes on until all that is required 
461 
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has been used. The mass should be turned back again, as was done 
with the sand and cement. With experienced laborers, the concrete 
would be well mixed after three such turnings; but if it shows 
streaky or dry spots, it must be turned again. After the final turn- 
ing, it should be shoveled into a compact pile. The concrete is now 
ready for placing. 

When a natural mixture of sand and gravel is to be used, the ma- 
terials should be measured by means of the right measuring box for 
the proper proportion, as shown in Table No. 3. The mixture of 
sand and gravel should be spread out and enough water added to 


Fia. 6.—Mixing the sand and cement. 


wet it thoroughly. The cement should be distributed evenly in a 
thin layer over the sand and gravel and turned over, as described 
previously, at least three times, while the rest of the water necessary 
to get the required consistency should be added as the materials are 
being turned. It requires good judgment to prepare a natural mix- 
ture of bank sand and gravel, and, if one is at all doubtful about the 
concrete made from it, the sand should first be screened from the 
gravel as described above and then mixed in the regular way. 

For the operation of mixing only two men are required, although 
more can be used to advantage. If three men are available, two of 
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them should mix as described above and the third man should sup- 
ply the water and help in mixing the concrete by raking over the 
dry or unmixed spots, as the two mixers turn the concrete, and in 
loading the wheelbarrows with sand and stone or gravel. 

If four men are available, it is best to increase the size of the batch 
mixed to a 4-bag batch by doubling the quantities of all materials 
used. The cement board should also be increased to 10 feet by 12 
feet, as shown on page 13. In this case the mixing should be started 
in the middle of the board, and each pair of men should mix exactly 
as for a 2-bag batch, except that the concrete is shoveled into one 
big mass each time that it is turned back on the center of the board. 


Fic. 7.—Emptying the gravelin the measuring box to the side of the sand and cement. 


PLACING THE CONCRETE. 


Method.—After the concrete is properly mixed, it should be placed 
at once. Concrete may be handled and placed in any way best suited 
to the nature of the work, provided that the materials do not sepa- 
rate in placing. Concrete may be placed properly by shoveling off 
the concrete board directly into the work; by shoveling into wheel- 
barrows, wheeling to the proper place, and dumping; by shoveling 
down an inclined chute; or by shoveling into buckets and hoisting 
into place. Concrete should be deposited in layers about 6 inches 


thick, unless otherwise specified. 
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Consistency.—The following three kinds of mixtures are used in 
general concrete work: 

(1) Very wet mixture: Concrete wet enough to be mushy and run 
off a shovel when being handled is used for reinforced work, thin 
walls, or other thin sections, etc.; with it no ramming is necessary. 

(2) Medium mixture: Concrete just wet enough to make it jelly- 
like is used for some reinforced work and also for foundations, floors, 
etc. It requires ramming with a tamper to remove air bubbles and 
to fill voids. This concrete is of a medium consistency and would 
sink in under the weight of a man. 

(3) Dry mixture: In this case the concrete is like damp earth. It 
is used for foundations, ete., where it is important to have the con- 


Fic. 8.—Measuring the gravel by dumping it on top of the sand and cement mixture. 


crete put in position as quickly as possible. This must be spread 
out in a layer from 4 to 6 inches thick and thoroughly tamped until 
the water flushes to the surface. 

The difference between the mixtures is that the drier mixture 
causes the concrete to ‘‘set up” more quickly. In the end, how- 
ever, when carefully mixed and placed, the results from any of the 
above mixtures will be the same. A dry mixture, to be sure, can 
not be used readily with reinforcing steel, and is both more expensive 
and harder to handle. It must be protected with greater care from 
the sun or from drying too quickly, and unless spaded by very 
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experienced hands it may show voids or stone or gravel pockets in 
the face of the work when the forms are removed. 
Spading.—Concrete of any of the three degrees of consistency 
mentioned above should be carefully spaded next to the form where 
the finished concrete will be exposed to view. Spading consists of 
running a spade or flattened shovel down against the face of the 
form and working up and down. This action eauses the stone or 
gravel to be pushed back slightly from the form and allows the 
cement grout to flow against the face of the form and fill any voids 
that may be there, so that the face of the work will present an even, 
homogeneous appearance. Where the narrowness of the concrete 


Fic. 9.—Pouring water over the mixture of sand, cement, and gravel. 


section, such as in a 6-inch side wall, prevents the use of a spade, a 
board 1 inch by 4 inches, sharpened to a chisel edge on the end, 
serves as well. This board should be sharpened only on one side 
and the flat side should be placed against the form. In the case of 
a dry mixture spading must be done with the greatest care by experi- 
enced hands to get uniform results, but with a medium or wet mix- 
ture it is very easy to obtain first-class work; indeed, with a wet 
mixture spading is required only as an added precaution against the 
possibility of voids in the face of the work and is really necessary in 
few cases. 
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Protection of concrete after placing.—New concrete should not 
be exposed to the sun until after it has been allowed to harden for five 
or six days. Each day during that period the concrete should be wet 
down by sprinkling water on it both in the morning and afternoon. 
This is done so that the concrete on the outside will not dry out much 
faster than the concrete in the center of the mass, and it should be 
carried out carefully, especially during the hot summer months... Old 
canvas, sheeting, burlap, etc., placed so as to hang an inch or so away 
from the face of the concrete, serve very well as a protection when wet. 
Often the concrete forms can be left in place a week or ten days, thus 


Fic. 10.—Final mixing of the concrete. 


protecting the concrete during the ‘‘setting-up” period, and the above 
precautions are then unnecessary. 


FORMS FOR CONCRETE. 


Concrete is a plastic material and, before hardening, takes the form 
of anything against which or in which it is placed. Naturally, the 
building of the form is a most important item in the success of the 
work. These forms hold the concrete in place, support it until it has 
hardened, and give it its shape as well as its original surface finish. 

Kinds.—Almost any material which will hold the concrete in 
place will serve as a form. Concrete foundations for farm buildings 
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require shallow trenches, and, up to the ground line, usually the earth 
walls are firm enough to act as a form. 

Molds of wet sand are used for ornamental work. Frequently col- 
ored sand is used for this purpose and provides both the finished sur- 
face and color to the concrete ornament. 

Cast, wrought, or galvanized iron is used where an extremely 
smooth finish is desired without further treatment after the removal 
of the forms. Forms made of iron are more easily cleaned and can 
be used a greater number of times than those of wood. Rusty iron, 
however, should not be used. By far the greatest number of forms 
are made of wood, because of the fact that lumber in small quantities 
can always be obtained. 

Requirements of a good form.—Forms should be well planned, 
so that there may be no difficult measurements to understand. As 
few pieces of lumber should be used for the work as possible, and these 
should be fastened together by as few nails as will serve the purpose; 
otherwise it will be difficult to take the forms apart without splitting 
them. 

Forms must be strong enough to hold the weight of the concrete 
without bulging out of shape. When they bulge, cracks may open 
between the planks, and the water in the concrete, with some cement 
and sand, may leak out. This weakens the concrete and causes hol- 
lows in the surface, which have a bad appearance after the forms are 
removed. 

Forms which lose their shape after being used once can hardly be 
used a second time. A part of the erection cost of forms is saved if 
the forms are built in as large séctions as it is convenient to handle. 
This saving applies to their removal as well as their erection. Con- 
sequently the lightest forms possible with the largest surface area 
are the most economical. 

Plans for forms.—The first consideration in planning forms is 
the use to which they are to be put. Neglect of this point means 
waste of money and time. If they are for work afterwards to be 
covered with a veneer coat, the finish of the surface is of small con- 
sideration, while the alignment of the form is all important. On the 
other hand, if a tank or retaining wall is to be built, the fact that the 
forms are not in exact alignment will hardly be noticed. Money can 
be saved, however, if the forms are rigid in alignment and well 
surfaced. 

In planning forms for large structures it should be borne in mind 
that if the forms are to be used several times the more nearly perfect 
they are the more often they can be used and the cheaper they become. 
If forms are to be used only once, as is generally the case on the farm, 
they should not be nailed so securely as to prevent them from being 
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readily taken apart and the lumber from being used for something 
else. It is often better to put them together with screws, but if nails 
are used, they should not be driven in all the way. 

Selection of lumber for forms.—The selection of the lumber is 
of importance. If the forms are to be used many times, the use of 
surfaced lumber, matched, tongued and grooved, and free from loose 
knots, is economical. If, however, they are to be used only once, 
almost any plank will do. Forms with bad cracks or knot holes 
may be made tight by filling them with stiff clay mud and then 
tacking a strip over the crack and on the outside of the form. 

Green lumber is preferable to kiln-dried or seasoned material. 
Seasoned lumber, when wet either by throwing water on the form 
before placing the concrete or by absorbing the water from the con- 
crete, warps, and the shape and tightness of the form are damaged. 

Originally only surfaced lumber was used for forms, and this was 
depended on to give a finish to the work, while to-day, since rough 
surfaces for concrete are the fashion, unfinished lumber may be used. 
Nevertheless, surfaced lumber has some advantages for use in forms. 
The forms fit together better and are easier to erect. They are 
more easily removed and cleaned. All of these items reduce the cost 
of the work, but the saving effected will, of course, depend on the 
difference in local price between finished and rough lumber. 

Method of cleaning tools and forms.—At the beginning of the noon 
period and again at the end of the day’s work all the tools, and espe- 
cially the concrete board, should be carefully cleaned. Particles of 
concrete are also very apt to adhere to the forms. In order to pre- 
vent this the surface next to the concrete should be given a coat of 
oil or soft soap. Linseed, black, or cylinder oil may be used, but 
never kerosene. 

Before erecting, the forms should be painted with an oil or soap and 
then carefully protected from dust or dirt until erected. If chips or 
blocks of wood fall inside the forms while erecting they must be care- 
fully removed. Upon removal, the forms should be immediately 
cleaned of all particles of concrete adhering to the surface. A short- 
handled hoe will remove the worst, while a wire brush is most effec- 
tive for finishing. In cleaning, care should be taken not to gouge 
the wood, because this spoils the surface of the next section of 
concrete. It will not be found necessary to repaint after each use, 
but it should be done whenever the surface appears dry in spots. 

Concrete is a material for which there are many uses on the farm. 
Its successful use depends largely upon thorough mixing and careful 
placing. By following the methods laid down in this bulletin any 
farmer with his farm help may do much toward making his farm 
improvements both fireproof and permanent. 


O 
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